Both DNA and RNA viruses have been reported to cause fusion ofmany types ofcells (11, 12) . Although it cannot be assumed that the mechanisms of normal membrane fusions (e.g., pinocytosis, endocytosis, lysosome fusion, myoblast fusion, etc.) are the same as those promoting fusion in pathological situations, it is believed that these fusion reactions share common essential features (12, 14) . In virus-induced fusion, the initial interaction between the cells seems to be mediated by the virion. The specificity of this interaction is determined by the ability of the virus to bind to the cell membrane. Thus, defining the mechanism of virus-induced fusion may also be germane to understanding the mechanism ofmembrane fusion in general. Virus-induced fusion has also had other applications and has provided a model for the study of virus absorption, penetration, and release, as well as virus-cell interactions. More recently, virus-induced fusion has also provided a useful tool for the recovery of oncogenic and pathogenic viruses from transformed or infected cells (19) . The rapid cell fusion obtained by high multiplicities of inactivated Sendai virus (9) has also led to the use of virus-induced fusion as an important biological tool for studying somatic cell genetics, gene action and its control, and phenotypic expression.
Another form of naturally occurring cell fusion takes place during the development of skeletal muscle. Individual myoblasts proliferate and spontaneously fuse into multinucleate, elongate filaments or myotubes. A nonfusing variant (fu-1) was isolated from the rat myoblast L8 line by Kaufman (7) . In a comparison of L8 and fu-1 cells, Kaufman (7;  Kaufman, manuscript in preparation) showed that the nonfusing cells have several characteristics of transformed cells. Recently it has also been demonstrated by Kaufman and Wong (manuscript in preparation) that the fu-1 cells liberate into the culture media a type C particle that has reverse transcriptase activity and that sediments at a density of approximately 1.15 (17) . XC cells contain the Rous sarcoma virus genome but do not release infectious virus (8) . Our XC cells were supplied by J. W. Hartley.
The fu-1 cell line is a nonfusing variant of the L8 line of rat skeletal muscle myoblasts isolated by 320 WONG, YUEN, AND KAUFMAN Kaufman (7) and has been cloned and maintained in culture for more than 2 years by one of us (S. J. K.). The L8 cells were kindly provided by D. Yaffe.
The cell lines were grown (except where indicated) in Eagle minimal essential medium containing 10% heat-inactivated fetal calf serum (Grand Island Biological Co., Grand Island, N.Y.), 50 U of penicillin per ml, and 50 ug of streptomycin per ml. All cell lines were maintained in Falcon plastic T-75 bottles by serial passage of 5 x 105 cells in 20 ml of complete medium. Cultures were retrieved from frozen stocks as needed and were not maintained in excess of 30 consecutive passages to minimize any spontaneous production of endogenous virus. Control cultures were routinely tested for the presence of leukemia virus as described by Wong et al. (22) .
All cell lines were regularly tested for mycoplasma. Only mycoplasma-free cell cultures were used for the experiments reported.
Virus stocks and virus assays. The wild type (wt) and temperature-sensitive (ts) mutants of the Moloney strain of mouse leukemia virus were grown in TB cells as described by Wong and McCarter (20) . MuLV strains were assayed for their ability to promote formation of syncytia by the modified XC assay of Wong et al. (22 15 to 20. A 0.2-ml aliquot of the virus, in medium lacking serum and containing 28 ,tg of DEAE-dextran per ml, was added per plate. After 60 min at 37°C, unabsorbed virus was removed, fresh complete medium was added, and the cultures were incubated at 37°C. At appropriate times, the cells were fixed in 70% methanol and stained with a 5% Giemsa solution. Multinucleate cells containing three or more nuclei were counted in four or five randomly selected fields. Duplicate plates were counted, and the mean numbers of syncytia per square centimeter were calculated.
(ii) Cell cocultivation assays. Cocultivation assays were performed as indicated in Tables 1 and 4. RESULTS Virus-induced fusion of fu-1 cells. The fu-1 cells were shown to form syncytia when directly infected with MuLV ( Fig. 1 The number and size of the syncytia that developed within the next 24 h were determined. In MuLV-infected fu-1 cells, syncytia were observed as early as 1 h after infection. At this time, the mean number of nuclei per syncytium is 3.4; about 3% of the syncytia have 6 or more nuclei. As shown in Fig. 2 , the number of syncytia increased rapidly with time; however, the mean number of nuclei per syncytium increased only slightly. By 4 to 6 h postinfection, about 12% ofthe syncytia contained six or more nuclei. No significant increase in the number of syncytia was observed after 6 h postinfection, although the number of nuclei per syncytium increased slightly with time. Up to 30 nuclei have been observed in a syncytium. By 6 h postinfection some syncytia began to degenerate. In a degenerating syncytium, the cytoplasm becomes vacuolated and the nuclei fuse and may subsequently fragment. By 24 h postinfection, up to 50% of the syncytia may show some signs of degeneration. The gradual decrease in the number of syncytia after 8 h postinfection and the relatively minor increases in the mean number of nuclei per syncytium may be due to fusion of adjacent nuclei, degeneration of the syncytia, or both. Scanning electron microscopy provides further evidence that syncytia development is a continuous process during which cells are recruited. These resultant giant cells, however, are quite different from multinucleate myotubes (Fig. 3) .
In XC cells infected with MuLV, essentially the same time course of syncytia formation was observed. Fused cells containing three or four nuclei were abundant within 2 h after infection. As in fu-1 cells, the maximum number of syncytia had formed by 4 to 6 h postinfection, the number of nuclei per syncytium increased with time, and the number of syncytia remained essentially unchanged between 6 and 24 h.
Effect of MOI on syncytia formation of fu-l and XC cells. Virus-induced cell fusion is thought to occur at high MOIs and without the need for replication of the virus. Since syncytia formation in fu-1 and XC cells was observed within 1 h after infection, we could readily test the effect ofthe MOI ofvirus on syncytia forma- Fig. 4 , the number of syncytia that developed in both fu-1 and XC cells increased linearly when the monolayers were infected with 4 to 16 infectious units (IU) of virus per cell. Effect of cell density. Since contact is obviously required for fusion, the effect of cell density on MuLV-induced syncytia formation of fu-1 cells was tested. Dishes (35 mm) were seeded with various numbers of cells and incubated for 20 h. The monolayers were then inoculated with MuLV, incubated for 6 h, and then fixed and stained. Figure 5 shows that the numbers of syncytia that developed were proportional to the number of cells plated. The maximum number of syncytia was formed when the cell monolayer was nearly confluent (i.e., when 1.5 x 105 cells were plated). Little increase in the number of synctia was obtained at higher densities.
Replication of MuLV in fu-1, XC, TB, and L8 cells. Our preliminary investigations showed that MuLV not only induced formation Virus diluted in medium lacking serum and containing 28 ,tg of DEAE-dextran per ml was used to infect the cells at an MOI of 0.2. Cells were infected in suspension as described by Wong et al. (22) , and 500 cells were plated and incubated at 37°C for 3 days. The medium was then removed, 5 x 105 fu-1, L8, or XC cells were added, and the cultures were incubated at 37'C for 1 more day. The cells were fixed and stained with Giemsa, and the proportion of TB cell colonies surrounded by syncytia was determined.
of syncytia, but also replicated in fu-1 cells. Therefore, we determined the replication of MuLV in fu-1 cells and compared it with that in L8, XC, and TB cells. A total of 5 x 105 cells were plated in 75-cm2 bottles. After 24 h the monolayer was inoculated with MuLV (MOI of 4). At 1, 2, 3, and 4 days after infection, samples were removed and assayed for IU using the modified XC assay. Growth of MuLV in fu-1 cells and TB cells was very similar (Fig. 6) fu-1 cells are of interest in that they have lost their ability to differentiate and spontaneously fuse into multinucleate myotubes and possess several characteristics of transformed cells (7; Kaufman, manuscript in preparation). In addition, fu-1 cells have also been found to produce a type C-like virus (Kaufman and Wong, manuscript in preparation). Whether the expression of this virus is related to the failure of these cells to differentiate into myotubes is not presently known. Whether the endogenous or latent virus plays a role in type C virus-induced fusion is also not understood. Thus far, type C virus-induced fusion has only been reported in cells that harbor a rescuable latent virus (1, 5, 8, 14, 15) . The ability of fu-1 cells to form syncytia upon infection with MuLV, in contrast to the inability of the parental L8 cell line to form syncytia upon MuLV infection, suggested that the activation of a latent or endogenous virus may play a role in virus-induced syncytia for- mation. The mechanism of MuLV-induced syncytia fornation in the fu-1 cell line will be the subject of a further communication (Wong, Yuen, and Kaufmnan, manuscript in preparation).
We have compared the XC cell line with the fu-1 cell line. These cell lines are morphologically distinct. fu-1 cells are larger and have much shorter processes than do XC cells (Fig.  1, Al After 50 min at 37°C, the medium was removed, the cells were washed, and fresh medium was added. Cells were incubated at 37°C and samples of media were periodically removed and assayed by the modified XC procedure. infected with type C virus become refractory to syncytia formation.
XC cells are used extensively as an assay for MuLV because they form syncytia upon cocultivation of XC cells with cells producing this virus. It has also been reported (6, 18) that syncytia with 5 to 10 nuclei are formed in XC monolayers within 6 h after the addition of MuLV. We were able to detect syncytia in MuLV-infected XC cells as early as 1 h after infection. We do not believe that our XC cell line is more sensitive than those used in other laboratories because the majority of the syncytia we observed at 1 h postinfection consisted of three to 1.6 x 103 1.6 x 10' a TB cells were grown and infected with wt or ts mutants of MuLV at 34 or 39°C. At 2 days after infection the medium was changed. After 24 h these supernatants were filtered and inoculated onto subconfluent monolayers of fu-1 cells. After 6 h of incubation at 390C, the cells were fixed and stained and the numbers of syncytia were scored.
four nuclei. The number of syncytia formed depends on incubation time, cell density, and MOI. The optimal conditions for the formation and scoring of syncytia are the use of subconfluent monolayers of cells, infection with MuLV within a multiplicity range of 15 to 20, and observation of syncytia 6 h postinfection. The fixation of the assay plates at 6 h postinfection avoids the fusion of neighboring syncytia and shortens the time required for this assay. The rapidity in syncytia formation in both XC and fu-1 cells makes these systems useful as quick assays for MuLV and for screening ts mutants of MuLV. Of these two systems, the larger size of fu-1 cells facilitates the detection of syncytia. The rapid induction of syncytia by MuLV in fu-1 cells may also be used to screen for additional variants of the L5 cell line. The characterization of these L8 variants will hopefully lead to a fuller understanding of the mechanisms of spontaneous myoblast fusion as well as a clarification of the relationship between transformation and differentiation.
